The detection of B-mode power spectrum by the BICEP2 collaboration constrains the tensor-toscalar ratio r = 0.20 +0.07 −0.05 for the lensed-ΛCDM model. The consistency of this big value with the Planck results require a large running of the spectral index. The large values of the tensor-to-scalar ratio and the running of the spectral index put a challenge to single field inflation. For the chaotic inflation, the larger the value of the tensor-to-scalar ratio is, the smaller the value of the running of the spectral index is. For the nature inflation, the absolute value of the running of the spectral index has an upper limit.
I. INTRODUCTION
The detection of the primordial B-mode power spectrum by the BICEP2 collaboration confirms the existence of primordial gravitational wave, and the observed Bmode power spectrum gives the constraint on the tensorto-scalar ratio with r = 0.20
+0.07
−0.05 at the 1σ level for the lensed-ΛCDM model [1] . Furthermore, r = 0 is disfavored at 7.0σ level. The new constraints on r and the spectral index n s exclude a wide class of inflationary models. For the inflation model with non-minimal coupling with gravity [2] , a universal attractor at strong coupling was found with n s = 1 − 2/N and r = 12/N 2 . This model is inconsistent with the BICEP2 result r > ∼ 0.1 at the 2σ level because it require the number of e-folds N < ∼ √ 120 which is not enough to solve the horizon problem. For the small-field inflation like the hilltop inflation with the potential , 4] , r ∼ 0 which is excluded by the BICEP2 result.
Without the running of the spectral index, the combination of Planck+WP+highL data gives n s = 0.9600 ± 0.0072 and r 0.002 < 0.0457 at the 68% confidence level for the ΛCDM model [5, 6] which is in tension with the BICEP2 result. When the running of the spectral index is included in the data fitting, the same combination gives n s = 0.957 ± 0.015, n
and r 0.002 < 0.263 at the 95% confidence level [5, 6] . To give a consistent constraint on r for the combination of Planck+WP+highL data and the BICEP2 data, we require a running of the spectral index n ′ s < −0.002 at the 95% confidence level. For the single field inflation, the spectral index n s for the scalar perturbation deviates from the Harrison-Zel'dovich value of 1 in the order of 10 −2 , so n ′ s is in the order of 10 −3 . The explanation of large r and n ′ s is a challenge to single field inflation. In light of the BICEP2 data, several attempts were proposed to explain the large value of r [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . In this Letter, we * Electronic address: yggong@mail.hust.edu.cn use the chaotic and nature inflation models to explain the challenge.
II. SLOW-ROLL INFLATION
The slow-roll parameters are defined as
where
For the single field inflation, the spectral indices and the running are given by
The number of e-folds before the end of inflation is given by
where the value φ e of the inflaton field at the end of inflation is defined by ǫ(φ e ) = 1. The scalar power spectrum is
where the subscript "*" means the value at the horizon crossing, the scalar amplitude
With
, the slow-roll parameters are ǫ = p/(4N * ), η = (p−1)/(2N * ) and ξ = (p−1)(p−2)/(4N 2 * ). The spectral index n s = 1 − (p + 2)/(2N * ), the running of the spectral index n ′ s = −(2 + p)/(2N 2 * ) < 0 and the tensor-to-scalar ratio r = 4p/N * = 8p(1 − n s )/(p + 2). We plot the n s − r and n s − n ′ s relations in Figs. 1 and  2 for p = 1, p = 2, p = 3 and p = 4. In Fig. 1 , we also show the points with N * = 50 and N * = 60. From Figs. 1 and 2 , we see that r increases with the power p, but |n ′ s | decreases with the power p. Therefore, it is not easy to satisfy both the requirements r > ∼ 0.1 and n ′ s < −0.002. The chaotic inflation with 2 < p < 3 is marginally consistent with the observation at the 95% confidence level. (10)
Inflation ends when ǫ ∼ 1, so
and the number of e-folds before the end of inflation is
Combining Eqs. (4)- (6) with (10)- (12), we plot the n s −r and n s − n ′ s relations for the nature inflation with f = 5M pl , f = 7M pl , f = 10M pl and f = 20M pl in Figs. 3  and 4 . In Fig. 3 , we also show the points with N * = 50 and N * = 60. The results show that both r and |n ′ s | increase with the global symmetry breaking scale f . However, there is an upper limit on |n ′ s | which is only marginally consistent with the observation at the 95% confidence level. When f /M mp ≫ 1, the potential can be approximated by V (φ) = Λ 4 (φ/f − π) 2 /2 which is the power-law potential with p = 2, this is the reason for the upper limit on n 
III. CONCLUSIONS
For a single inflaton field with slow-roll, the tensorto-scalar ratio r ≈ 16ǫ which is linear with the slowroll parameter ǫ, but the running of the spectral index n ′ s depends on the second order slow-roll parameters, so n ′ s is at most in the order of 10 
